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(54) Biodegradable plastic composition and method for control of biodegradation rate of 
biodegradable plastic 

(57) The present invention provides: 

a biodegradable plastic composition obtained by 
adding a carbodiimide compound to a biodegrada- 
ble plastic, and 

a method for control of biodegradation rate of bio- 
degradable plastic, which comprises adding a car- 
bodiimide compound to a biodegradable plastic. 

According to the present invention, the biodegrada- 
tion rate of a biodegradable plastic can be controlled 
stably. 
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Description 

Background of the Invention 
5 (1) Field of the Invention 
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en V™ enti ° n re ' ateS t0 3 biode S radabla plastic composition and a method for control of biodeoradation 
rate of b-odegradable plastic. More particularly, the present invention relates to a biodeg^S XfeeSSta 
wherem » ajwfcm* compound is added to a biodegradable plastic to control the SSSS^J^SSZ 
» and a method for control of biodegradation rate of biodegradable plastic. ^ ate 01 the plast,c ' 

(2) Description of the Prior Art 

years ' e ™ ronmen,al P° ,luti o" caused by plastic waste has become a bigger problem Meanwhile the 
£T? h h f 9nrf,CanCe ° f e ™' onmenta > has become more importam UnSer suTh 

research and development on biodegradable plastics are under way. circumstances, 

aiin^^^f * P ' aStiCS ^ be lar96,y divid6d int0 Wnds: ** is > a Ptestic whose molecular skeleton is an 
ahphabc polyester resin, a plasticwhose molecular skeleton is apolyvinyl alcohol, and a plastic JTIl 

Trll TTT^ ^ P<aStiCS ' an 3liphatic resin ha * fcuni no p£Z \SSS^£t 

"T^ * 9enera " y ^ 3 ' 0W me,tin9 P** fe inferi0r in therma ' whenXS and Sfnt 
sufhcentJy large molecular we.ght and is unable to give a practical molding having satisfactory properfes HoZ* 

oped and is finding applications, for example, as materials for agriculture forestry and fishery tea film ^1,17 , 

d^o reuse? P ^ °' ^ 10 *** ^ ^ ° r *» like sticks -S a >* which « 

requkemSS^ 6 *"* 38 1,16 ^ re9nS 8nd ,ike are needed to «*> * a 

(2) When disposed as a waste, they are quickly degraded by microbes widely living in nature. 

Of tol*?^* te f° n ' S6Veral Pr0p ° Sa,S were made on ^ contro1 of biodegradation rate of biodegradable plastic 
ZSZiZFZZ* fo : e ?: ample - a proposal whicn comprises adding a hydrolysis enzyme to a lEZSSL £b 
SS, h ? 8 ^ tme ° f the P ' aStiC lJapanese Patent ^P 1 ^ 0 " K °kai (Laid-Open) No ^S&SSSm 
.r?*" 9 me ""W * unreacted ™nomer(s>. impurities. Li 

t0 extend 1,16 biodesradat * n tme * me p,astic 

Biodegradable plastics according to the above conventional techniques, however, still have problems such as the 
fallowings, and their biodegradability is not yet controlled at a satisfactory level. 

SaJte fr^^2.^h TOteria,(S) ° f bi0de9radable P ,astic in *• form of pellets or producing a biodegradable 
plastic from the pe«ets, they are exposed to the moisture present in the atmosphere or are heated- thereby hvdrol 
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(b) The biodegradability of the product is unstable. 
Summary of the Invention 



cnJSf 8 ? PreSent inVen,i0n are *° a,,eviate P rob,ems of ,he P'» r art and provide (1 ) a biodegradable clastic 
55 SET haV * n9 3 St3b,e bi ^ adation rate a <* » a method for contro, of bicSegradaUn 2SS25SS 

^ItT 1 i nVent ° rS mad6 3 ^ in 0rder ,0 develop a P ,asfic imposition having good biodegradability As a 
Z£ a P Z? 'T^ 5 ^ ° Ut ** 3 P' a ^ composition obtained by adding tSSEX** 

plastic, a carbodum.de compound having at least one carbodiimide group in the molecule (the com^uSudet a 
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polycarbodiimide) shows improved hydrolysis resistance and that the hydrolysis resistance of such a composition can 
be controlled by proper selection of the kind and/or amount of the carbodiimide compound used. Based on the above 
finding, the present inventors considered that addition of a carbodiimide compound to a biodegradable plastic having 
biodegradability caused by hydrolysis might enable control of the biodegradation rate of the plastic. The above finding 
and consideration has led to the completion of the present invention. 
The present invention provides: 

a biodegradable plastic composition obtained by adding a carbodiimide compound to a biodegradable plastic, and 

a method for control of biodegradation rate of biodegradable plastic, which comprises adding a caibodiimide com- 
pound to a biodegradable plastic. 

Detailed Description of the Invention 

The present invention is hereinafter described in detail. 

The biodegradable plastic used in the present invention includes, for example, a polyester resin which can be 
metabolized by microbes, particularly an aliphatic polyester resin which is easily metabolized by microbes. 

The aliphatic polyester resin firstly includes an aliphatic glycol/polybasic acid polyester resin obtained by reacting 
an aliphatic glycol with an aliphatic polybasic acid (or a anhydride thereof) in the presence of a catalyst, or a high-molec- 
ular aliphatic glycol/polybasic acid polyester resin obtained by conducting the above reaction using, as necessary, a 
small amount of a coupling agent. 

The aliphatic glycol used in production of the biodegradable plastic (aliphatic glycol/polybasic acid polyester resin) 
used in the present invention includes, for example, ethylene glycol, 1 ,4-butanediol, 1 ,6-hexanediol, decamethylene gly- 
col, neopentyl glycol and 1,4-cyclohexanedimethanol. Ethylene oxide is also usable. These glycols can be used singly 
or in combination of two or more kinds thereof. 

As the aliphatic polybasic acid or anhydride thereof to be reacted with the aliphatic glycol for production of the bio- 
degradable plastic (aliphatic glycol/polybasic acid polyester resin), there can be used those commercially available, 
such as succinic acid, adipic acid, suberic acid, sebacic acid, dodecanoic acid, succinic anhydride, adipic anhydride 
and the like. These polybasic acids and/or anhydrides thereof can be used singly or in combination of two or more kinds 
thereof. 

The above glycol and polybasic acid are both aliphatic. Small amounts of other components such as aromatic gly- 
col and aromatic polybasic acid (e.g. trimellrtic anhydride or pyromeilitic anhydride) can be used together. Since use of 
such an aromatic components) results in deteriorated biodegradability, the amounts of the aromatic glycol and aro- 
matic polybasic acid used are required to be 20 parts by weight or less, preferably 10 parts by weight or less, more pref- 
erably 5 parts by weight or less per 100 parts by weight of the aliphatic glycol. 

The catalyst used in production of the aliphatic glycol/polybasic acid polyester resin can be exemplified by organic 
acid salts, alkoxides and oxides of metals such as titanium, tin, antimony, cerium, zinc, cobalt, iron, lead, manganese, 
aluminum, magnesium, germanium and the like. Of these, preferred are tin or aluminum compounds. 

In producing the aliphatic glycol/polybasic acid polyester resin, equivalent amounts of an aliphatic glycol and an 
aliphatic polybasic acid are reacted with heating, in the presence of a catalyst using, as necessary, a solvent suitable 
for the raw materials. By controlling the proceeding of the reaction, a prepolymer of low polymerization degree can be 
produced. 

In the above production of the aliphatic glycol /polybasic acid polyester resin, a coupling agent can be added to a 
prepolymer of low polymerization degree in order to obtain a polymer of higher number-average molecular weight. The 
coupling agent includes, for example, a diisocyanate, oxazoline, a diepoxy compound and an acid anhydride. A diiso- 
cyanate is particularly preferred. 

As to the kind of the diisocyanate used as a coupling agent, there is no particular restriction, and the diisocyanate 
includes, for example, 2,4-tolylene diisocyanate, a mixture of 2,4-tolylene diisocyanate and 2,6-tolylene diisocyanate, 
diphenylmethane diisocyanate, 1,5-naphthalene diisocyanate, xylylene diisocyanate, hydrogenated xylylene diisocy- 
anate, hexamethylene diisocyanate, isophorone diisocyanate and 4,4'-dicyclohexylmethane diisocyanate. Of these, 
hexamethylene diisocyanate is particularly preferred in view of the color of the aliphatic glycol/polybasic acid polyester 
resin obtained, the reactivity when added to a prepolymer of low polymerization degree, etc. 

The amount of the coupling agent used is. for example, 0.1 to 5 parts by weight, preferably 0.5 to 3 parts by weight 
per 100 parts by weight of the prepolymer. When the amount is less than 0.1 part by weight, insufficient coupling takes 
place, when the amount is more than 5 parts by weight, gelation tends to occur. 

In the aliphatic glycol/polybasic acid polyester resin, the terminal hydroxyl group may be blocked by other com- 
pound via a double bond, a urethane bond, a urea bond or the like. Or, the aliphatic glycol/polybasic acid polyester resin 
may have been modified. 
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The aliphatic polyester resin secondly includes a polvlactic arid tvn* =iioho4 . 
ymer or copolymer of an oxyacid such as lactic acid rSfcSS T T w L P0ly8Stor resin ' " is Really a pol- 
acid type aliphatic poly esteT resin WtoTpW^^ ° " "* " ** 3 ^roxycarboxytic 

• t«eSt^ 
«- a ^°^^ 

..aSL^S^ 

ferred with fin octytete and aluminum acetylacetonate ^n^S/pl^ed a ' Um,nUm - based ar * P™" 

polymen^^^ 

access state or in an inert solvent at a t^ST^ " " ° r9an ° metal h 9 

ide. tert-butylisopropylcanxKliimide Z^S^TTS^^^"^^ d ^arbodiim- 
these, preferred are dcyctohexytea^ and ^P-riaphthyteartxxliimide. Of 

ticular. aMd "^ w,ca ^»^^ 

esses for polycarbodiimide produSon mTfftl^o^?a^ 3 P ° lyCa J ,0d " mide P roduced «* conventional proc- 
Chem. 28. 2069-2075 (1963^ CheS l^Rev^S^^^^^J PUbBCati0n N °" 33279/1972; J. Org. 

v pies thereof are 1,5-naphthalene SI«SanS?T55£S2^ ^ Cyar,ates " and mi * l "<* thereof. Specific exam- 
diisocyanate, 1.3-phenylTne diisoc^ T^T** 4 - 4 ^nyldime ttl y.methane 

anate, a mixture of 2.4-tolylene diisocyanate 'and 2 dnsocyanate. 2.6-tolylene diisocy- 

1,4-dusocya re te. xyiwene diisocy^toS 

clohexane diisocyanate, teframetivlxylylene dfiso^a^S^ d,cyctohexylmethane 4,4--diisocyanate. methylcy- 
35 2ene-2.4^iisocyanate dnsocyanate. 2.6-d..sopropylphenyl .socyanate and 1,3, S-triisopropytoen- 

cyclohexylisocyanate. butyl isocyanate anc fShihSSf dim ^^ ^cyanate. 

terminal isocyanate. Exa^es tee£ are SScSSE?^ " ^ » e 

« anol, ethanol, phenol, cyclohexanol N-methvliSollTn?^ ^ , °' arCmatlC ° r alicyc,ic ""^ (meth- 
col monomethyl etherV -NH Ln, ™« ' po, y eth y |ene 9'vcol monomethyl ether, polypropylene olv- 

•^TSi TO Sr;cS^"' ne ' diCyd ° hexy,a ^ : • ^roup2,nSn y g 
cvclohexanoicacid) : .SHgro^ compounds (succinic acid, benzoic acid 

containing compounds 9 COmpounds ( e %'™rcaptan, allylmercaptan, thiophenol); and epoxy group- 

and organometal compounds represented by JgSLS " COmp ° Unds 

wherein M is a metal such asTi.Na K VWHf 7r Ph un km n D , ,- 

aryl group. Of the organic phosphor* -compounds oh^'^1 ' h " ** and ^ ' s a Ci* alky, group or an 

pounds, alkoxaes of Ti. Hf or ^ZS^£SS^ " * com- 



EP 0 890 604 A1 

Specific examples of the phosphor ene oxides are 3-me%l-1-phenyl-2-phosphorene-1 -oxide, 3-methyl-1-ethyl-2- 
phosphorene-1 -oxide, 1 ,3-dimethyl-2-phosphorene-1 -oxide, 1 -phenyl-2-phosphorene-1 -oxide, 1 -ethyl-2-phosphorene- 
1 -oxide, 1 -methyl-2-phosphor ene- 1 -oxide, and double bond isomers thereof. 01 these, particularly preferred is 3- 
methyl-1-phenyl-2-phosphorene-1 -oxide for the commercial availability. 

5 The amount of the carbodiimide compound added to the biodegradable plastic is preferably 0.01 to 10 parts by 
weight, particularly preferably 0.1 to 5 parts by weight per 100 parts by weight of the biodegradable plastic. When the 
amount is less than 0.01 part by weight, no effect of control of biodegradation rate is seen. When the amount is more 
than 10 parts by weight, the properties of the biodegradable plastic may be impaired. 

In the present invention, mixing of the carbodiimide compound into the biodegradable plastic can be conducted by 

io dissolving them in an organic solvent and then subjecting the resulting solution to distillation to remove the organic sol- 
vent The organic solvent is desirably an organic solvent which is capable of dissolving the biodegradable plastic and 
further is non-polymerizable and has no active hydrogen. Specific examples of the organic solvent are chloroform and 
tetrahydrofuran (THF). 

Mixing of the carbodiimide compound into the biodegradable plastic can be conducted by melt-kneading using an 
is extruder, or by mixing the carbodiimide compound into a biodegradable plastic which has been synthesized. 

The biodegradation rate of biodegradable plastic can be controlled by the kind and/or amount of the carbodiimide 
compound added to the plastic. Therefore, the kind and amount of the carbodiimide compound added to the plastic can 
be determined depending upon the intended properties to be possessed by the product to be produced. 

The biodegradable plastic composition of the present invention may further contain, as necessary, a reinforcing 
20 agent, an inorganic or organic filler, an oxidation inhibitor, a thermal stabilizer, an ultraviolet absorber, a lubricant, a wax, 
a coloring agent, a crystallization accelerator, a decomposable organic substance (e.g. starch), etc. 

Description of Preferred Embodiments 

25 The present invention is described in more detail below by way of Examples. 

(Synthesis Example 1 of Carbodiimide Compound) 

590 g of 4,4 , -dicyclohexylmethane diisocyanate, 62.6 g of cyclohexyl isocyanate and 6.12 g of a carbodiimidization 
30 catalyst (3-methyl-1-phenyl-2-phosphorene-1-oxide) were reacted at 180°C for 48 hours to obtain 4,4'-dicyclohexyl- 
methanecarbodii mide (polymerization degree = 10). 

(Synthesis Example 2 of Carbodiimide Compound) 

35 549 g of tetramethylxylylene diisocyanate, 49.5 g of n-butyl isocyanate and 5.99 g of a carbodiimidization catalyst 
(3-methyl-1iDhenyl-2-phosphorene-1 -oxide) were reacted at 180°C for 48 hours to obtain tetramethylxylylenecarbodi- 
imide (polymerization degree = 10). 

(Synthesis Example 3 of Carbodiimide Compound) 

40 

500 g of 4,4 , -dicyclohexylmethane diisocyanate and 5.0 g of a carbodiimidization catalyst (tetrabutyi titanate) were 
reacted at 180°C for 12 hours. Then, 40.0 g of polyethylene glycol monomethyl ether was added, and a reaction was 
allowed to take place for urethanization of terminal isocyanate, to obtain polyethylene glycol terminated 4,4 , -dicyclohex- 
ylmethane carbodiimide (polymerization degree = 5.5). 

45 

(Examples 1 to 3) 

An aliphatic polyester resin (main component: polybutylene succinate/adipate) as a biodegradable plastic was dry- 
blended with 1% by weight, based on the polyester resin, of one of the carbodiimide compounds obtained in Synthesis 
so Examples 1 to 3. The resulting blend was kneaded by the use of a twin-screw extruder and extruded through a T die to 
produce a film having a thickness of 200 urn. The film was subjected to punching to prepare a JIS No. 4 dumbbell spec- 
imen. The specimen was placed in a thermo-hygrostat of 50°C and 90%, and a tensile test (tensile speed: 10 mm/min, 
distance between fulcrums: 55 mm) was conducted after each given length of time to measure an elongation (%) at 
break. The results are shown in Table 1 . 

55 

(Comparative Example 1) 



The same operation as in Example 1 was conducted except that no carbodiimide compound was used. The result 



are shown in Table 1. 
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Table 1 





Carbodiimide compound 


Test Time (hr) 






0 


150 


300 


500 


750 


Example 1 


Syn. Ex. 1 


820% 


350% 


400% 


400% 


370% 


Example 2 


Syn. Ex. 2 


800% 


340% 


340% 


350% 


320% 


Example 3 


Syn. Ex. 3 


810% 


360% 


350% 


300% 


200% 


Comparative Example 1 


Not used 


600% 


30% 


20% 


20% 


10% J 



is (Examples 4 to 6) 



An aliphatic polyester resin (main component: polylacfic acid) as a biodegradable Dlastic was <irv.w~,H^ < « 
by weight, based on the polyester resin, of one of the cartwdiimide cc^n^ZnS Ts^2 r ^ 

^ s ^! n l ,h J"* m ^ t0 PmChing to a J,S No " 4 spedmenlnt spec 

men was placed ,n a thermo-hygrostat of 70°C and 90%. and a tensile test was conducted afterTach a.Ven « 
tome to measure a tensile strength at break. The results are shown in Table 2. 9 ^ * 

(Comparative Example 2) 



spec- 



30 



35 



40 



45 



50 
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Table 2 





Carbodiimide compound 


Test time (hr) 






0 


50 


100 


150 


200 


250 


300 


350 


Example 4 


Syn. Ex. 1 


6.8 


7.1 


7.1 


6.9 


6.7 


6.4 


6.1 


2.4 


Example 5 


Syn. Ex. 2 


6.9 


7.3 


7.0 


7.1 


6.5 


6.7 


6.0 


3.1 


Example 6 


Syn. Ex. 3 


6.7 


7.3 


6.8 


7.0 


6.3 


6.5 


5.1 


2.1 


Comparative Example 2 


Not used 


6.4 


5.2 


5.0 


3.2 


0.7 








(unit: Kgt/mnT) ' 













(Examples 7 to 9) 



obtain^ Kv^ITf^?^ in Il? ame manner 35 in Exan * ,e 1 ^at the cari^iimide compound 

baS^Th! ****** * WSS add6d 10 *° aHphatiC resin in an °f 0. 1%. 0.5% or 5% 

based on the polyester resin. The results are shown in Table 3. , uo/*>oro/oDy weignt 



Table 3 





Amount of carbodiimide 
(wt %) 


Test time (hr) 






0 


150 


300 


500 


750 


Example 7 


0.1 


650% 


100% 


30% 


20% 


10% 


Example 8 


0.5 | 


800% 


350% 


340% 


350% 


250% 



i 
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Table 3 (continued) 



5 





Amount of carbodiimide 
(wt %) 


Test time (hr) 






0 


150 


300 


500 


750 


Example 9 


5.0 


780% 


320% 


350% 


360% 


350% 



(Examples 10 to 12) 

w 

An aliphatic polyester ester (main component: polylactic acid) as a biodegradable plastic was dry-blended with 
0.25% (Example 10), 0.5% (Example 1 1 ), 0.75% (Example 12) by weight, based on the polyester resin, of the carbod- 
iimide compound obtained in Synthesis Example 3. The resulting blend was kneaded by the use of a twin-screw 
extruder and extruded through a T die to produce a film having a thickness of 200 urn. The film was subjected to punch- 
75 ing to prepare a JIS No. 4 dumbbell specimen. The specimen was placed in a thermo-hygrostat of 70°C and 90%, and 
a tensile test was conducted after each given length of time to measure a tensile strength at break. The results are 
shown in Table 4. Incidentally, the columns of Table 4 having no figure indicate that the mechanical strength of specimen 
was too low to conduct the tensile test. 

20 

Table 4 





Test time (hr) 




0 


50 


100 


150 


200 


250 


300 


350 


Example 10 


6.6 


6.8 


6.2 


4.4 


1.27 








Example 1 1 


6.87 


7.1 


7.0 


6.8 


5.6 


2.4 






Example 12 


6.33 


6.8 


6.6 


6.7 


6.3 


4.8 


2.4 


1.4 


(Unit: kgf/mrr^) 



As is clear from Examples, the biodegradable plastic composition according to the present invention, obtained by 
adding a carbodiimide compound to a biodegradable plastic, as compared with biodegradable plastics containing no 
carbodiimide compound, is remarkably improved in hydrolysis resistance, i.e. resistance to biodegradation caused by 
35 hydrolysis. 

Further, the biodegradable plastic composition according to the present invention can have a different hydrolysis 
resistance, i.e. a different rate of biodegradation caused by hydrolysis, by changing the kind and/or amount of the car- 
bodiimide compound used in the composition. 

Thus, in the present invention, by adding a carbodiimide compound to a biodegradable plastic, the rate of biodeg- 
40 radation caused by hydrolysis, of the biodegradable plastic can be reduced; and the degree of the reduction can be con- 
trolled by appropriate selection of the kind and amount of the carbodiimide compound. 

Claims 

45 1 . A biodegradable plastic composition obtained by adding a carbodiimide compound to a biodegradable plastic. 

2. A biodegradable plastic composition according to Claim 1, wherein the amount of the carbodiimide compound 
added is 0.01 to 10% by weight based on the biodegradable plastic. 

so 3. A method for control of biodegradation rate of biodegradable plastic, which comprises adding a carbodiimide com- 
pound to a biodegradable plastic. 

4. A method according to Claim 3, wherein the amount of the carbodiimide compound added is 0.01 to 10% by weight 
based on the biodegradable plastic. 

55 
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